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Abstract of JP1 0287702 

PROBLEM TO BE SOLVED: To provide a process for producing a styrene polymer which has a 
carboxyl, hydroxyl, or free-radical-polymerizable unsatd. group at one molecular end and which itself is 
a usefu matenal for or which, when reacted, gives a useful material for imparting a high preformance 
or function to vanous polymer materials. . 
SOLUTION: A styrene monomer alone or a mixture thereof with other comonomers is polymerized or 
copolyrnenzed in the presence of a free-radical compd. and an azoic free-radical initiator having a 
carboxyl or hydroxyl group, and. if necessary, the resultant polymer is reacted with a compd. having 
both a carboxyl- or hydroxylreactive group and a free-radical-polymerizable unsatd. group 
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^ * P l:: ^1*1 <t SIS * 1* ^ c <t * tSffl ^ -r 

<t fi^ ^ li ^tm^t- -5 c <b: * i^si <i: -r ^ ^ 5 ^ h 
[I5*JI5] ^w■^^T^t<soo--^, ooo, 0 0 
**-r^x^ u>3^a^»* Sit^^lS^RJl 1 lE^tD:^ 

(Mn) <D)t (Mw/Mn) ?!)< 2 «*; y L^M-^SSlC:^ 

;U7t-c^vJU^^fc(i7KSS**f u>^S^»* 

[000 1] 

^ s jsis; ^ r # b H ^-a^# A<«^s-s;-^^«**<^.B 

[0 0 0 2] 

:tj 7uaB-;^ * *»Jffl-r -S:^;"* *^fta Wt? fe ^ o 
(0 0 0 31 >r;i->ag';i^f'J^Lfr::^;^ii. a^tt^O) 

fey, Lfy^^. -r^>S^cDK5. snc;^(::j§tt:^a h> 



[0 0 0 4] ^i>i}j\^m^mit^m^(Dm9f><ii> 

U<. ^v:^;ua^;^S^»lffiLycM-*ffli::'i'HES*^^ 

-sa^frcDSitiJiKi^saa^^^KTfcy, ^(7>-sB{iii 

ffl^iSjtaLr>t^igic'i'fi6s$:e-r^a^»*^/S'ri> 
:S;£3!)<^b*vr33y , c(7)aB'i*i**i^i::<fcy *bic^ 

icy ^ ^ y u— h^<o^ v*;ua^tt^>'^— * 
m^tSit. ^ v:b;ua^5Iffl^»l::<fcy>t5S®l::*yU7K 

^vJ^ss^■r'^>a^t*^^#. jsi^-cy^^yyuK^y 

}it<mmiilXl^^ (if#^Ba4 3- 1 1 2 2 4^^g[, 
i^^Ba4 3- 1 6 1 4 7^^ai^) o C<D*^-C?#b4x 

aM^iij^^^a (Mw) t^^m^^R 

(Mn) CDtfc (Mw/Mn) (C J: o TS3^^*L^ r^^=- 

%^U-tic-r^-<tti@ili-cfey. ■i'SEi&c7>^A*S9 o 

LT L* 5 c t A<fe^^c7>Fp1S;E)<fcSo 
[O O O 5] ^m^e- 1 9 9 9 1 6^^«(r 

it. y e>^^v>^);ua#;^;!)<Ba^*n-cfcy. 

Macromolecules, 2 8 . 2993-2995 (199 

5) \z\t. jbtEcDy t*>^^v*;ua^a*^«j^LT. 

i>:^waa'f?3ife^ <t 2 , 2 , 6 . 6 - ^ h V 
V- y a:j-^£x3? y — ^ i>i2Ji^HUT. r t e 
.^p o/^^f&iB-r^>-^*ffli>^-y v^;ua^-e 

y — 3^ K^v^JUtK— (felT, rt-BOCj^BSIE 

-t^) &v%mLfzT^y&^mr^3i>±ji^m^m^ 

a^^**^#. ^i>T^(7)«iss^^b^M/c*:^a-c^y^ 
■r c <t (c «t y ssig-r ^ c <t ;t»<fB*E ^ t^ ^ o 

[0 0 0 6] LA^L>EfA<b. ±IEcD^;i(ia^^lC'lb^ 

fey. t^^L<ui^o z^iD^^unst^^. it^^um 
^fz6b(Dm^uyD}i(Dm^t<m^iixi^^a 

[0 0 0 7] 

[mm^m»i't^fzify<D^m *^0-«#bi*. figEPpis 
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izm^tzo 

[0 0 0 8] t^<LX. *^B^(cJ;tLlS, y^J—'yiyi: 

V JU^* (i tKSS ^ ^-r ^ X ^ U > ^S^»: CDSag:^ 
[0 0 0 9] 

[0 0 10] *:^0^(rfci^Tfl6fflSf*L^:7»j— 

^mV^^J. myiii. 2. 2. 6. 6-5^ K^^^JU- 1 

-fcf^'J V?— a^v:7ij— ^ (tempo) . 4 
-t KP^->-2. 2. 6. 6-7^ h^y^'^ue^ 

□ + V37'J— ^ix^^U (4-t KP^vTEMPO) . 
3-±i;U/<^-<;U-2. 2. 5. 5-7^ h^^^^Utf P U 

v>-i — r p^'>7?'j— 5 3-:ti;uK^-r;u 
-2. 2. 5, 5-T- h^>5=^;u-3-epg>- 1 — r 

p^i>:7'J— ^ V- t hP^>K3? 
>j— ^ v^^L'. 2, 6-S/- t (3,5- 
i?- 1 - :/5^;u-4-;*"^v- 2. 5-->^ p^^-y--; 
x>-i-^U7^» -p- h'jp^v:7'J— ^i>*7U 
(;y;utV+v;u'7'j— ^v*;u) . 2. 2-v (4- 

-^-:x:^;u (DPPH) 3f/)<^if f,n-6o 
[0 0 1 1] *^b^(z^5i>-c±sH:7';— ^v:^;Mb^!tei 

[00 12] L/)^LT. :^^^I^(C7KKg$#:g-r^Ty 

m^pi^^ji'M'^m^mt Lxit. m^i£. 2. 2' -t 

[N- (4- 1 KP^v3?xii;U) -2->^;U 



:^Pe^>r5i?>] v^tKP^P^-f h\ 2,2' - 
TV/ex [N- (2- 1 KP^i^X^^yU) -2-y5^JU 

:^pe:f>r5v>i v^t KP^p^-f h\ 2, 2' - 
ryt":^ [2- (5-t KP^v-3. 4, 5, 6--T h 
^ t KPe'J v>2--f ;u) :^P/^>] v>tKP^P^ 

-f K\ 2.2' -ryex {2- [1- (2-tKP^ 

vx5^;u) -2 — r5yy'j>-2 — r;u] 3^p/^» 

Vt KP-^^P^-r h\ 2.2' -TVfcfX {2-pt5^;u 
-N- [ 1 . 1 - e;^ (t KP^v^^^^U) -2-t K 
P^vx^;U] ^^Pe^rvTS K) . 2.2' -TVe 
;^ t2-:?f^;u-N- (2-t Kp+vx^;u) -infa 
/^>T5 Kl , 2, 2' -T^/ex [2- (t KP^i> 
::^p tf;j->— h'jvu] . 2.2' -rv^fx 

{2->^JU-N- [ 1 . 1 -hfX (t KP^v^y ^ 

c*Lt,(*ma-c*fcii2a)u±;i^LrffiLN^ct 

[0 0 13] ^tz. ^Tm{Z±J[.7f.:!fri^jV&^'^:^'t^ 

7V^'yv±j\.m^m^mtLxit. mA.it. 4.4- 

rvA-548j. rVA-5 58j. TVA-O 

59J. rvA — 060j; rvA-080j. rvA 

-0 8 2J, rvA-0 8 6j. rvA-07 7j, 

rv-50ij. rvF-0 7 7j (ia±. fD^taigx 
H (*fe) Kn°p) ^(7)Sp°p«Trf3P5p°pi: LTA^-r^Ct 

A<-c^-So ci^t,^*ma■c*fcl*2aK^±;'g^LTffil^ 

[0 0 14] Z,tli^(r>i^=FP^iZi2J\^7fs^i^J{^&-^tzit7i^ 

;u,^|(f*L<iio. 1 -3^;u. * t>(=»^ L < lio. 2 

- 2 "ejv^^mmp^xm i^^ztt<x^^o 

^ [0 0 15] J^X±l::a-<fc:7'J-^i^*^^ 

[0 0 16] *^0^(c^^£L^s^JSiS*^T^^:5is^. -us 

^^^^xf^i>iij\^m^m^mi:m^Lxts^. *?i6o 
"c-*?)i 1 o°crpi(Djss-c. 1 o^fs:i^Le^m<D^m 

-Sc Otx-C. $?I1 1 0*'C~$?11 5 o"crBia)ss-ctgf#L 
^Jto^r*?)l 1 0°C--*?J1 5 0**CPa1(7)^gT*jg|*L^»:M 



(4) 1 O- 2 8 7 7 0 2 



U5:ittV^. ctLlc^oTZ^a *:/^#ta^»*SiS 
[OO 1 8] ^(Dm^^^mL'y^^JAjit'^^t LXlt. 

3 fffixi* 5 m(o y ^^ -r ^^r«i y ^^b^^te^7b<a^ $ 
0iJ^(i. h'J^^^UT^T.^^ hUx^^^U/h:;^:? 

;i./1xx:7-('>. h 'J -n-::^^;u4-x;^ h'J-fv 

3^^;U7t^X'7-< h 'J - s e c -3^^;U7fvX:7< 

^ij-o- -o. K »j -m- h 'J JUTt^ 

X37<>. h'J-p- HUVUtT-X^'-O. i^v^^Q (X 

-^7 a □ v'"7x— ;u7tvX":7 7^ h*^ ^ X— ;uv/7NX'7 
ifT. (v:7x^;u/-t-v:^:7xy) >^>. 1. 2- 
ex (v:7x-;u7t^x:7^ y ) x^>. 1.3 -ex 
(i;;:7x-;u;hx^xy ) :^n/<>. i.4-ex 
:7x— ;^/1^x:7^' y ) >W^<Dy\^7.y : KU- 
n_:/:3^jU7^x:7-< h\ h g :? x - ^ut^x :? ^ 

^v;;^5^;u. sy^iSh'Jx5^;^. a^j A/^v^x^vu, 

;U. l&y/vK h'J :7xx;u, ffiyAyKv:7xn;u>r Vt^ 

vf^v^u, ffiy^^v:7xx;^-r v^^^;u. syA/St 
:7x-;uv>r v:r^^^u. sy^^ Ky-< v:t-^5^;u, 
l&y^Kv (yx;u-7xx;u) -jy ^ji^y 2L—j\^. ffiy 
^^hy (yx;u:7xx;u) , ffiy^^hux (2.4 

sT'O^^^ h5-<;ut:x (2. 4-v- t -:/f^yu:7 



;uex (2. 6-v- t -:?5^;u-4->^ju:7xx 
;u) . ffiyAyK2. 2-y ^u>ex (4. e-ix- t - 
:;5^;i.z?xx7u:*-^5^;u) . fEy^K4. 4' -:/^y 
T^^ex (3->^;u-6- t -:^f^7u:7x-;uv hy 
7^v7U) , vsyAy^vXT^r y^u'O^xyxy 1 — 
ju. i;sy^Kv-< vxi^;i/'<>^xyxy 1 — 
sy^Sxx^^;^S ; ^^■9--?^^;u;t--X/i-x^x hyr s 

T5 : y^Khy ^^^u. y>^Shyx^;u, y^ 
Shy-n-::^5^;u. yA/KKU :7x^;u^(0;^x:7x 
— : ^^-^f^ ^;u7hX7h y ^ h y T s KS?<X)7nx 
/-Ny •:/^ hy r S KiS3^;!)<^lf ^ti, »*L<l*3(ffitD 
yAy^b^1^-efe^/i-xX:7-<>S. ffiy AySxx^'juS^J 

*L<(iffiyA>Kxx^7us. !^(=ffiyA/Khy:7x- 
ffiy^^^;:7x^;^>r VT^i^vu, ^yA^^^x^yu 
v>fV7^i^^u. :iiy^Kv^x— ;u-< v:i-^5='ju. ffiy 
^^77xz:;^^;-f v=i-^^;u. syAyffiv (y-;u:7x 
-;u) vy-;u:?x-;u. ffiyA.KKy (y-;U37xzi 

xz?-<>:i-^v' /-nx:7x— hSfcJ:tf^7t^X/1-xy 

a4;»^LLN4.a)ii, ffiy^»hy :?xz:.;Kctt^*+L 

y ^Sxxi^;^S"e fc-So 
[0 0 19] 7J\^^-^^it^^t Lrii. ^Jx.(i. T 

;US-*t7AI-y> h^vK. 7;U5-';?A hyx 

hyn-7^h^vh\ rvus-^t^A hy s e c-:^ 
vh\ ryus— ^i^Ahy t © r t K^A^^if 

[0020 1 Ttsomit^^t Lxit. m^it. h y y h 
^i>7t-:5>. hyx K^i>7fc^>. Ky>rv^P7K^v 

lo o z rr-±^^mt^^}tzf y— ^ v^jub^ifei 1 ^ 

;Hc«LT-teico. 1 -20^;U, Jtf^L<I*0. 3- 
[0 0 2 2] ^tz. ±t^(Dit^mt. X^^UV^^/V 

^L. ffyeo''C'-m^ 1 o'cPbIcdSS-c 1 o^^>t^:t^L6 

S^rBl<;)^fiiJSiS^ftlV OLNt?$?|1 1 0°C--«(t)1 5 0'C 

[0 0 2 3] :$:^0^lc^3L>r (^^) S^Clfflt^btt^X 

-v;^5^;U7 5>'X^U>. r^yX^L/^. t KP^ 
iyXT[y>. > h^vX^UV. y^;i.X5^u>, X^ 
;ux^U>, ^ V^Pt:;ux^U>, t-':^^JUX5"U 
:7>iu:rpx^u>, ^Qpx^^i^v, :?p^x5^Lx 
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[0 0 2 4] ^fc. ±ie;^5^u>^^>' T— <ti^a^$ 
<7'j;uK. ^PK>^. -r^r]>K, vu-r>^, ^-7 

2-t Ka^i^x^;u ^) 7^ 'J l>— 2-t K 
3^pe;u (-»*^) T^'Jl^— t KP^v:^5^;u (> 

-80t KP + *>T7U^7Ux;^.T-;U ; tK'Jx^u^^U 
.l-:ij3fpifu>^>j3-7u. 7Ku::;^u>^<j 
zi— ;Kft*a57K'Jx— ^;U;KU:*-— ;u<t 'J 

^L/>y<J :3— 7U3Sit*<7)7KU X— iF;U7K'J^— 2- 
t KP^v'X^yU »J U— h?S<i:cr)7KKS^ 

^=Ffiafa^>' V— it X— T-;u ; a, jS -^tafp:^ 

(tt) , m&^) -V>a":rU3?^>X7K4^i>Ka)^5<f 
XTff^vlb^l^^cOttiJDlfel : ^'J vv^JU O^) 7 

y xX7^;Hb%*tcl±v>x;^ir7Hbifel : t KP^-i^x^ 
;uex7ux— T-;ua>r^#t KP+vT;i/^;ue— ;ux 

— 7^;US: 3-'i7PP-2-t KP^v"::^Pt:;U (> 

<7 U^uK^^v^U. 7'^»JyuK2-x^;u^^v;U. 7 

^ <7 'J n - 7f p > ^ ^ U JUK-r V ::^p tf ;u. 

(n-, i-tL<(it-) 
<? 'J;uffi^^v7U. •JJUS$2-x^;U'N+->;u, 

SlOgS^a 1 - 2 AOTyU+^UXXT'JUXIiv^ PTyu 



h^*>:^5^vu. r^'JvuK> k^vx^ju. pi^-:? 
';;uKx h+v^^;u^cD (>^) 

^SlE2-1 8C07;UP^v^T;U+JUx;7.^;u?ti:i:(D 

^) 7^ 'J^u^xx^julS ; :77;uKv-?t^;i/. :7^yu 
Kv>x^;u. 37T;uKv^pe;u. 7^;uKv>:/5^;u^ 
a):7-7;uK-:>TJU4^;ux;^-r;u!li : x^7uex;ux— 

n -:^p t';uex;ux— v:^p tf;uex;u 
X— T-;u. "i/^'jufxjux— T-;u, t G r t--:/^;ue 
x;ux— >05^;nf— ;ux— ^^v;nfx 

t'xyux— ; P'^^^vutfxyux— 5^ju, 
<7 p^.^*>;ut'xjux— T^^u^cDv-S? PT;u^7Ut*xju 
X— 7^;u5S : :7xx;ue— ;ux— r;u. h U if — ;ux— 
■T-JU^<DT U— ;uex;ux— 5";u3S. ^>v;uexjux 
— i^;u, :7 X ^^'^U hf x;ux— ir ;u^<7)7' ^ ;u^;u fx 
jux— ^juS : T '>i>;i/X— ^;u. ru^ux^ 

;ux— T^;u^cDr U;ux— T->HS ; X5=-U>. :^Ph:L^ 
::^^Lx>, S<bex;u. :/^vx>. v::fu>. 
>7 a Q :^ u <sf (D:*- iyy^ >^^b^!a:&t/-::?x i/^b^ 

37xx;ux^;u (^^) r^'JU— Z7xx;u::f 

□ t'ju r^'ju— ^>v;u r^'J 
L/— :7xy^i>x^;u o^) t^'JU— h. --X? 

□ ys^i>;U r^'JU— 2-T^ 'J P-ryU^t- 
if vX5='JU/N-r KP^>:7^ L/— h, 2-7^<JP-f;U 
:f:^v::^a ejUy\-< KPy>:7^ ly— 2-T^'Jp 
>f jU:*"^i^3fP fcf^i'^^tht KP/\^ Kpy>::?^U— 

2-7^ U P^;U^^V':?'P tfVUT" h5t KP/N-f 

KP^'>:7^ L/— h. p - t o r t -:?^;u-SJiL#S 
<t (y-Si) Uvb^t KP^v/x^;ui:a)x;^-x;Mb 
-^iBa. S^i'^P^V'rx^u O^) 'J U— K<f iftDK 
- ib*IR^^-^'^fO*a(* ; (> ^ ) T ^ U 2 - >r 
VvT^-— hx^VU. m--< v::^P^x;u-Qr, Of- V 

^^FtafomMi* : N, N-v^^^^ursyx^^vu 

^) r^'JU— N. N-v?X5^;U7 5 y XtF>IU 

JUT'S h\ N. N-v>>5^JU (> ^) T^'J;UTS K\ 

S h\ N->5^P— ;U (J^^) 7^ 'J;UTS h\ N-n 
S : 2-exjUe'Ji^>. 1 -ex;u-2-eP 'J 
— ; ij DX h'JjU. <7 'J P X h 'J JU^CDM^tt 
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:^ □ V ^ >^<7) 7 ;u =j ^ -> 'J JUS^* t* — vu^ 

[0 0 2 5] ±IH<D^y ^— <Da*>. ^T-f^^c:* 

■r -5 <i: ^ li . :^ ;u;t^ ^ v;!'^ 53 cfc ±1 ;u 7t-:^ v;uS ^ S 

SJJ&^ !• * ^ >' - * ffiffi ^ - <t 

[0 0 2 6] ±|ECD^>' V— (i^t+T?. S5fsaa>3? u— ^ 
ix±;Ub^!t^1^JK::?^Lr— IIS(C5-1 O, OOO^ 
W^L< 1*1 0^-2. O O 0^;KDffiHP*9(Dlt^"e 

[0 0 2 7] )a-tfS^yi*«a^t7)*;^i::cfctLii, M-3Kffl 

il-S, Sa^l^^i'^a (Mw) iriSl^Iii^^a^^S (M 
n) <D\t (Mw/Mn) A< 2 5? t V L < (i 

(D:)^;^(CcfctL(i, -I6(c. (Mn) A<5 0 

O'-I.OOO.OOO, iff* L<li500-20O. o 

0 0(DTOSl^i::fe^>t5Sffll^:^>'^'K^v;u^*tc(i7KK 
[0 0 2 8] ^bl::. *;^B^CD:^;£|C<fctLli. a^JSiS 

<* ^ *&E5cD^ / V- i: L t^Str^t^ i: t ^ 
[0 0 2 9] :*:%0jcDn*agir:ti;U7fC^v;u^*fzl** 
ES-r C ^ *<-C # -5) "i" ^ v> * ;ua^1±=Fta*QS 



[0 0 3 0] >^3S4S(::±i^l'7t^+v;US$^-r^;^5^U> 
(y^) T^UU— 3. 4 -X7K:^vv<7 Q^+-> 

(y^) T^'ju-h^cD^v*;ua^t±^fia«]ms<* ■ 
cfcy. ^^r^saicvv^^ua^tt^iafQSS^t"^;^^!^ 

[003 1] M-^ffllCTKKS^^-rS^^^L/V^ 
a^ftOJi^, Sa^{*i:SiC^^-itcD-C#^'i'^S 

hlk^lfti: 2- t KP^vx^jU (y^) T^'JL^ 

— m-x^u— ;u-a, Of' -v>^;i/^>v;u-f 

»7K'fel^<b^!|^ : N->5^P-;u (7t^) T^'J;UT5 
^z.tt^-Q^ho c+tiia)lb^tti$Ji8HX5^u>^a& 

^*wr-&;^5^u>^a^i**i#-6ci:/)<-c#'5o ±ih 
s-r c t c: cfc y *jsi^;4*i3C)^ ^i^m\.x^m^^ :^tt< 

[0 0 3 2]-*«e^(D>^*ffli::*7^^^ 

KS^=&-r'5;^^L/>^a^<*(i*fc, ^ixi^. ch^^ 
cDtBi^ t sis-r c <!: <7) t? ^ ^ ^ His * ^-r 4 a^i* 

^# b -5 )^5i^ 4g (c ^ :^ ;ua ^t±^ tsfas ^ ^-r ^ ^ 
[0 0 3 3] 

;us*tz(it KP^i>JUS^^-r^X5^u>^ (^) a 
^(*^fflLNr. :?p>v^*fci±^^37 K^^a^(**Si§ 
L. ctt^Sf*JffltTJ:IHLf=S5^^«*4a>a«fiE^b-\;> 
jattgE^b?b<|gS^ ^ C ^ A<T? ^ ^ o 
[0 0 3 4] <5iJ:^li, :*:f6B^o>^^5air:^;U/f:^v;uS 
^^^-5 (ft) a^(**i. ■€-(D^7U7f:^v;uS$?'JfflL 
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ttSO>Xt:z)— h EP-1001. 1002. 100 
2^ EX-9 20S?) ^S^If€>Ct;b<-C^, <f 

If^ uV— vv;ux— T^^MbU 
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(54) PRODUCTION OF STYRENE POLYMER WITH FUNCTIONAL GROUP AT ONE 
MOLECULAR END 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for producing a styrene polymer which has a 
carboxyl, hydroxyl. or free-radical-polymerizable unsatd. group at one molecular end and which 
itself is a useful material for or which, when reacted, gives a useful material for imparting a high 
preformance or function to various polymer materials. 

SOLUTION: A styrene monomer alone or a mixture thereof with other comonomers is 
polymerized or copolymerized in the presence of a free-radical compd. and an azoic free-radical 
initiator having a carboxyl or hydroxyl group, and, if necessary, the resultant polymer is reacted 
with a compd. having both a carboxyl- or hydroxylreactive group and a free-radical- 
polymerizable unsatd. group. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of a styrene system polymer of having a carboxyl group or 
a hydroxyl group at the piece end characterized for a styrene system monomer or a styrene 
system monomer, and other comonomers by the polymerization or copolymerizing under 
existence of the azo system radical polymerization initiator which has a carboxyl group or a 
hydroxyl group in a free radical compound and intramolecular. 

[Claim 2] The manufacture approach of a styrene system polymer of having a radical 
polymerization nature partial saturation radical at the piece end characterized by making the 
functional group and radical polymerization nature partial saturation radical which can react to 
intramolecular the styrene system polymer which has a carboxyl group or a hydroxyl group with 
a carboxyl group or a hydroxyl group reacting to a piece end with the compound which it has in 
coincidence. 

[Claim 3] The block characterized by making it react to a piece end with the polymer which has 
in intramolecular one or more functional groups which can react the styrene system polymer 
which has a carboxyl group or a hydroxyl group with a carboxyl group or a hydroxyl group, or the 
manufacture approach of a graft copolymer. 

[Claim 4] The manufacture approach of the graft copolymer characterized for the styrene 
system polymer which has a radical polymerization nature partial saturation radical at the piece 
end by the radical polymerization nature partial saturation monomer, the polymerization, or 
copolymerizing. 

[Claim 5] The method according to claim 1 of manufacturing the styrene system polymer which 
has a carboxyl group or a hydroxyl group at the piece end which has number average molecular 
weight within the limits of 500-1 ,000,000. 

[Claim 6] The method according to claim 1 of manufacturing the styrene system polymer with 
which the ratio (Mw/Mn) of weight average molecular weight (Mw) and number average molecular 
weight (Mn) has a carboxyl group or a hydroxyl group at the piece end smaller than 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[DeUtled Description of the InventiorO 
[000 1j 

[Field of the bivention] This invention relates to the manu^cture approach of a styrene system 
polymer that the polymer which iUetf or it is made to react and is obtained serves as a leatfins 
material for high-performance-izing of various p<rfymcnc materials, or advanced features and of 
having a cartoxyt group, a hydroxyl group, or a radcal potymcriMtion nab^o partial saturation 
ra(fical at ^ piece end. 
[0002] 

[Description of the Prior Art] Generally use of the polymer which has a functiorial group at the 
piece end aiming at W^r-performance-izing and advanced features of polymeric materiab is 
performed widely. The method of using an ionic potymerization method or a radical 
polymerization method for this piece end as the manufacture approach of a polymer of having a 
functional group is typical. . . ^ . . 

[0003] Although the structure of the polymer which the approach using an ionic potymenzatton 
method can introduco a partial saturation radical and other functional gro^s only into the piece 
end of a polymer, end is obtained further is controllable The class of monomer which can be 
used has a fimit end moreover, th the case of ionic polymerizatioa if impurities, such as an 
activity prxrton or a basic compour»d. mix 'm tt»e system of reaction, a polymerization will not 
advance, or there b • fault — the thing of desired stnjcture may rKrt be obtained. 
[0004] Moreover, a ra<fical polymerization method has little effect of an impurity, many examples 
of manufacture of the polymer iwhich has a fiawtional group at the piece end using a radical 
polymerization method are reported, and the part is put in practical use. For example, the 
approach of compounding the polymer which adds a chain transfer agent in the case of a radical 
polymerization, and has a functional group at tiie piece end is learned, and let this polymer be 
ttw macro mof>omer which is made to react with the partial saturation monomer which has this 
fijnctional group, the functional pwp which reacts, and a partial saturation radical further, and 
has a partial satiation ra<fical at the piece end by the case. The polymerization of the radical 
polymerization nature monomers, such as methyl methacrylate. is carried out to the bottom of 
existence of mercaptoacetic acid, the polymer which has a carboxyl group at the piece end by 
ratScal polymerization chain transfer is obtained, and. specifically, the method of obtaining a 
macro morwmer more carrying out the addition reaction of the glycidyl methacrylate 
continuously is proposed (JP,43-1 1224.8. JP.43-16147.B, etcj. Although the polymer or macro 
monomer which has a functional group at the piece end obtained by this approach has the 
advantage in which it can manufacture with a comparatively simple facility Generally the 
"molecular weight distribution' expressed by the ratio (Mw/Mn) of weight average molecular 
weight (Mw) and number average molecular weight (Mn) is as large as two or more. Moreover, 
when it is also difficult to make the rate of installation of a furvctionsl group 90S or more and is 
going to make the rate of installation of a functional group 90% or more, there are problems, like 
the polymer of a both-ends hmctional group may generate. 

[OOOS] On the other hand, the approach which the living radical polymerization method is 
ir«Jicated and introduces hydroxyl and the amino group into the piece end of a polymer efficiently 



Macromdecules. 28. and 2993-2995 (1995) using the above-mentiorwd living radical 
polymerization method is reported to JP.6-199916A In tWs reference, rumely. tite polymer 
which has hydroxyl at the end A peroxide system radical polymerization butistor and a 2. 2. 6. 
and e-tatramethyl-l-PIPERUINlRO oxy-free ra<Sc^ The polymer which hydrolyzes the ester 
group of the end of the polymer obtained by the living ra<Scal polymerization which uses (it is 
hereaRer written as 'TEMPO'). er>d b obtairwd, and has an amino group at the end A polymer b 
obtaned by the living radical polymerization method using the ratScal polymerization initxatar and 
TEMPO wWch have the Btrmo group which protected by the tertiary butoxycarfoonyl Ot b 
hereafter written as "t-BOC^ radical. Then, manufacturing by separating thb protective group 
«rith a chemical means b intScated 

[0006] However, the above-mentioned approach rteeds chenwcal after treatment after a 
polymerization, has a posstbifity that an impurity may mix in the polymer wht^ has a functional 
ff^KV at the piece ef»d made into a manufacture actuation top and the purpose, and b rwt 
desnble. The piece end b expected devetopmenrt of the simple approach for manufacturing the 
polymer which has a fur>ctiorwl group without passing through chemical after treatment from 
such a background. 
[0007] 

[Mearis for Solving the Problem] thb invention peraons found out that the rate of instaOation of 
the functional group to a polymer c»uld introduce a fiirKtional group into the bottom <rf existence 
of the catalyst system which consists of a free radical compound artd a specific azo system 
ra<fical polymerization initiator for a styrerw system monomer or a styrerw system monomer, and 
other comonomera alternatively highly a polymerization or by copolymerizing thb time only at the 
piece ef*d of a polymer, es a rasult of repeating research wholeheartedly, in order to solve said 
trouble. Moreover, when tivs polymer was used, by bdng able to m^e it raact efficiently witf) 
other polymers, and making it react with other monomera eas8y [ intro<fcicirtg a partial saturation 
rascal and abo considering es a macro morwmer further. ], a graft polymer can be manufactured 
efftc'iently end it came to complete a header end this invention for the ability to contrftiute to 
improvement in the en|^ performar>ce of a polymer greatly. 

[0008] h thb way, according to thb invention, the manufactire approach of a styrerw system 
polymer of having a carboxyl group or a hytfcvicyt group at the piece er»d characterized for a 
styrene system monomer or a styrerte system monomer, end other comorwmera by the 
polymerixstion or copolymerizng under existence of the azo system radical potymerizstion 
irvtiator which has a carboxyl group or a hydroxy! group in a fme radical compound and 
intrsmotecular b offered. 
[0009] 

[ErT4>odimerTt of the InventiorO H^neafter. the approach of thb invention b furtiwr explained to a 
detail 

[0010] The fi^ee radical compourul used in this invention It exbts as a stable free racfical 
ndependently under a room temperature and polymerization conditions, and is the compound 
which can react with a growth end radical during a polymerization reaction, and can generate 
association in which re-dissociation b possible. For example, a 2,Z,6.6-tetrBmethyf-l- 
ptperitfinyloxy free re<£cal (TEMPO). 4-hydroxy - 2. 2. 6. and B-tetramethyl piperidinytoxy free 
racfical (4-hydroxy TEMPO), 3-carbamoyl - 2. 2, 5. and 5-tetramethyl pyrrolidine- l-y*oxy free 
ra^al, 3-carbamoyl - 2, 2, 5. and S-tetramethyl-S-pyrroline-l-yloxy.free radical, A G t-butyl 
rwtroxide free radical. 2, a 6-G t-butyl-Blpha-(3. 5-G t-butyl-4-oxo— 2, 5~cyclohexadiene-l- 
ylidene)-p-TORIROKlSHl free radical (galvinoxyl free radical). A 2 and 2-Jl (4-t-octyl phenyl)-l- 
picrylhydrezyl free radical (DPPH) etc. is mentioned. 

[0011] The azo system radical polymerizaticOT initiator which has a carboxyl group or a hyA-oxyl 
group in the intramolecular used combirnng the above-mentioned free radical compound in this 
irrvention can use what is not restricted especblty as long as a carboxyl group or a hyttroxyl 
group b contained in intramolecular, and is usually used on the occasion of the ra<fical 
polymerization of a vinyl compourwJ. 

[0012] As an azo system radical polymerization initiator which carries out a deer and contains a 
hydxixyl grx>up in intramolecular For example. 2 and 2*-azobis [N-(4-hydroxyphenyl>-2-mothyl 
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propione amidine] dihydrocWoride. 2 and 2 -azobis [N-(2-hydroxyethyl)-2-methyl propione 
amtdine] dihydrochloride. 2 and 2-azobis [2-(5-hydroxy - 3. 4, 5, 6-teUahydro pyridine 2-IRU) 
propane] dihydrochloride. 2 and 2'-azofab |2-t1-{2-hydroxyethyl>-2-imida2oline-2-IRU3 propane} 
dihydrochloride. 2 arx) 2'-azobis {a 2-methyl-N-[ 1 and 1 -screw (hydro xymethyl)-2-hvdroxyethyU 
propione amidel. 2 and 2 -azobis [a 2-methyl-N-(2-hydroxyethyl)-propane amide]. 2 and 2 - 
azc^s t2-<hydroxymethyl) propione nitril]. 2. and 2'-azobis |2-methyl-N-tl and 1 -screw 
(hydroxymethyl) ethyl] propione amidel etc. can bo mentioned, these are independent, or two or 
more sorts can be mixed and they can be used. 

[0013] moreover, as en azo system radical polymerization initiator which contains a carboxyl 
group ri intramolecular For example. 4 and 4'-a2obis (4-cyano valeric acid) etc. can be 
mentioned "VA-54a". "VA-SSS". 'VA-059". "VA-OeO". It can obtain as a commercial item by 
trade names, such as -VA-OeO". 'VA-082". "VA-OSB-. 'yA-OlT. 'V-SOl". and "VF- 
077" (above. Wako Pure Chcm Industrial producO- These are independent, or two or more sorts 
can be mixed and they can be used. 

[0014] Generally 0.05-5 mols of 0.1-3 mols of azo system radical polymerization initiators \which 
have a carboxyl group or a hydroxyl group in such intramoleculars can be preferably used within 
the limits of 0.2-2 mols still more preferably to the one mol of the above-mentioned free racfical 
ccxnpounds. 

[0015] This invention has the descr»)tion in the point to which the radical (**) polymenzatron of 
a styrene system monomer or a styrene system monomer, and other comorwmera is carried out 
under existence of the azo system racfical polymerization initiator which has a carboxyl group or 
a hydroxyl group, and can perform this racfical (**) polymerization to the free radical compound 
stated above and intramolecular as follows, for example. 

[0016] When performing a polymerization reaction according to this invention, generally, tite 
styrene system morwmer, Ow free racfical compound, and the racfical polymerization initiator are 
mixed frsL and it b desirable to perform the preliminary reaction of 10 minutes thru/or 6 hours 
at the temperature for about 60 deerees C - about 1 10 degrees C. When not performing this 
preliminary reaction, the molect^ weight distrftiution of the styrene system polymer obtained 
may become large, or it may become drfTicult to control molecutsr weight. Subsec^ientiy. a 
polymerization reaction can be performed, agitating at the temperature for about 1 10 degrees C 
- about 1 50 degrees C. It is convenient to perform a pcrfymerization reactiorv adcfing after the 
preKmirwy reaction of the above-mentior»ed styrerw system monomer, a free radical compound, 
artd a racfical polymerization initiatfN-, and a comorwmer in the case of a copolymerization 
reaction, and agitating at the temperature for about 1 10 degrees C - about 150 degrees C. 
Moreover, a styrene system morwmer is added previously, the polymerization is performed, other 
comonomera can be added in the middle of a polymerization at the system of reaction, a 
polymerization reaction can also be performed further, and a block copolymer can be 
manufactured by this. As for the above-mentioned polymerization reaction, it is desirable to 
usually can-y out. blowing inert gas, such as nitrogen and an argon, into reaction mixture. 
Moreover, an organic solvent may be used if needed af«* ester soh/ents, such as ketones; ethyl 
acetate, such as alcohob solvent methyl ethyl ketones, such as aromatic series sohrentri- 
butands. such as a xylene and toluene, and tsopropyl alcohol, and methyl isobutyl ketone, butyl 
acetate. Br>d bobutyl acetate, etc. are mentioned as an organic solvent which can be used, for 
example. 

[0017] Moreover, when performing a polymerization reaction accorcfing to this invention, a rate of 
polymerization can be made C|uick by usmg together further one sort of the compound chosen 
frofn s compourtd. an aluminiifn compour^ ar>d a boron compound, or two sorts or more. 
[0018] As a ***• conv>cund which can be used in that case, the organic ***♦ compound 
containkig trivalent or pcrttavatent b inckided. For example, a trimetiryl phosphtr>e. a 

triethyl phosphne. a tree n-propyl phosphine. A trnsopropyl i^wsphine. tri-n-butyl phosphine. a 
TOROSO butyl phosphine. A tree sec-butyl phosphine. a tree t-butyl (rftosphine. triphenyt 
phosphine. Diphenyfphosphine. a dimethyl (phenyl) phosphine. methyl cfiphenylphosphine. Tri- 
cyclohexyl phosphine, a dicyclohcxyl phosphine. a tree n-hexyl phosphine. A tree n-octyl 
phosphine. a tree o-tolyl phosphine. a tree m-tolyl phosphine. A tree p-tdyl phosphine, a 



JISHIKURO (ethyl) phosphine. a JISHIKURO ((^enyl) phosplvne. A chlorodiphenyl phosphine, 
tetra-phenyl diphospNne. screw (diphenyl HOSUFENO) methane, 1. 2-screw (diphenyl 
phosfrfiino) ethane, 1, 3-screw (diphenyl HOSUFENO) propane. Phosphines. such as 1 and 4- 
scrow (difrfienyl phosphine) butane; Tree n-butyl phosphirw oxide, Phosphine oxide, such as 
triphenylphosphine oxide and tri-n-octyl phosphine oxide: Phosphite TORIMECHIRU. Phosphite 
dimethyl, phosphite triethyl. phosphite diethyl, phosphite triis^opyl. Phosphite tree n-butyl. 
lrfios(^ite triphcnyl. phosphite diphenyl Isodecyl. Phosphite phenyl diisodecyl, phosphite 
TORnSODESHIRU. phosphite diphenyl iso octyl. A phosphite phenyl G soak chill, a phosphite 
TORn soak e*»ni. phosphite Jl (nonylphenyl) dinonylphenyl. Phosphite Tori (nonylphenyl). 
phosphite tris (2. 4-G t-buthytphenyl). Phosphite cyclic neopentane tetrailbis (2. 4-G t- 
buthylf^enyl). Phosphite cyclic neopentane tetrailbis (2, 6-G t-butyl-4-methytphenyl). Phosphite 
2.2-methylene bis (4. 6-G t-butiiylphenyl octyl), l^sphtte 4. 4'-butylidcnebis (3-methyl-6-t- 
butyf FENIRUJI tridecyl). Phosphite ester, such as Jl phosphite distearyl pentaerythritol and JI 
phosphite diisodecyl pentaerythritol; Hexa methyl phospho RASUTORIAMIDO, Phospho lath 
amides, such as hexa ethyl phospho RASUTORIAMIDO; Wiosphoric acid TORIMECHIRU. 
Phosphate, such as phos(rf»oric acid triethyl. phosphoric acid tree n-butyt. and tHphenyl 
phosphate: Phospho RIKKUTORI amides, such as hexamethylphosphoric triamide. are mentioned. 
The compcMjnd chosen from the phosphines. the phosphite ester, and the phospho lath amides 
wfiich are trivalerrt paste ** * ***** preferably. Still more preferably Phosphite ester, especially 
phosphite triphenyl. Phosphite cfiphenyl isodecyl, phosphite phenyl ditsodecn^ plwsphtte diphenyl 
iso octyl. a phosphite phenyl G soak chill, phosphite JI (nonylphenyl) dinonylphenyl. phosphite 
Tori (nonylphenyl). etc. are used. Moreover, [^sphine oxide, the phosphate, ar>d the phospho 
RIKKUTORI amides which are pentevalent paste ******** are also used suitebly. The most 
desirable tilings as a **** ccxnpound are phosphite ester represented by phosphite triphenyl. 
[0019] As on akjminium compour>d. aluminum trimethoxide. aluminum NIUMUTORi ethoxide, 
akmwnum TORIISO propoxide. ahaninum NIUMUTORI n-butoxide. aluminum NIUMUTORI sec- 
butoxide. ahjmWjm NIUMUTORI tert-butoxide. etc. are mentioned, for example. 
[0020] as a boron compound — for examfde. trimetfroxy borane and TORIE — an a»s — a c»imp 
run, tri-isopropoxyborane. tripherwxy borane. etc. ere merrtioned. 

[(X)21] Generally the 0.1-20 mols of tiio above-mentioned compourids cart be preferably used 
within the Bmtts of 0.3-10 mols to one md of free radical compounds. 

[(X)22] Moreover, the above-mcntiorted compourid mixes a styrene system morwrftcr. a free 
racfic^al compourKt and a radical polymerization initiator, performs the preliminary reaction of 10 
minutes thru/or 6 houra at the ten^mreture for about 60 degrees C - about 110 degrees C. ar»d 
in case it subse(}uentty aptetes at the temperaUre for about 110 degrees C - about 150 
depees C. it may add it. 

[0023] As a styrene system monomer used for a polymerization (*♦) in tWs inverttion For 
example, styrerw. N. and N-dimethylamino styrene. amno styrerw, Hycfc-oxystyrene. methoxy 
styrerw, methyl styrene. ethyl styrene. Isopropyl styrene. t-butyl styrene. fluoro styrerw, <:hloro 
styrene. Bromostyrerw, iodirw styrene, carboxyl styrene. ethyl carboxy styrene. Methyl cartwxy 
styrerw. trifluoro methyl styrerw. cysno styrerw. Nitro styrerw. bromostyrcne. chtoro methyl 
styrene. GURISHIJIROKISHI styrerw, Orthochromatic - of styrene. such as styrene suffonic-acid 
sodium arwl a styrerw sulforuc-acid potassium, or styrene. mete-, or the Para-substitution 
product can be merrtiorwd, tiwse are indeperKlent respectively, or two or more sorte can be 
rrvxed and they can be used. 

[0024] moreover, as a comorwmer in which is made to carry out copolymerization to the above- 
fTwntiorwd styrerw system monomer, stkI it deab For example, an acrylic acid, a methacrylic 
acid a crotonic acid an iUconic acid a mateic acid. Carboxyl group content partial saturation 
monorrwra. such as a fumaric add: Acid anhycfrous racfical content partial saturation morwmer-jt- 
hyckoxyethyl (mete) acryUte, such as a maleic anhydride and iteconic acid anhyciride. 2- 
hy*oxypropyl (rriote) acrytote, 3-hydroxypropyl (mete) acrytote. HydroxyalkyI ester of the carbon 
numbera 2-8 of acrylic acids (mete), such as hydroxy butyl (mete) acrylate; A polyethylene 
glycol. Monoester of pdyether polyds. such as a pdypropylene gtycd and a polybutylene glycol, 
and LTisatursted carboxylic acid, such as an acrylic acid (metah A polyethylerw glycd. Mono- 
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ethenclpha of polyether potyols. »uch as • polypropylene jlycol end a polybutytcno ch^ol. end 
hy«^xyl-p«up content partial saturation monomers, such as 2-hydroKyethyl (meta) acrylate. 
end bete-unsaturated carboxytic acid. An ed^fition product wHh a mono-cpoxy compound ISte car 
Jura ElO (SheD Petrochemistry, trade name) or alpha olefin epoxide: Giycidyl (meta) aciylato and 
an acatic acid. An addition product with a propionic acid, p-tert-butylbenzwc acid, and a 
monobasic acid Bie fatty acids: The acid anhydrous racScal content unsaturated compound Ute a 
mateio anhy<Hde or itaconic acid anhytkide. Ethylene glycol. 1 .ft-hexanediol. The monoe«ter 
{host or diester fhosts of (lycols, such as neopentyl glycol: lie hydroxycthyl vinyl ether 
hyikvxyalkyi vinyl ether — hydroxyHgroup content monom er : containing chlortno Bie 3-chloro- 
2-hydroxypropyl (meta) acrylata — aDyl alcohot — a methyl acryiato — An ethyl acrylate. 
•crylic-Bcid propyi ecryfic-ecid iaopropyt Acrytic-ecid (n-. r-. or t-) butyl, acryttc-acid hexyl. 2- 
ethylhexyl acrYtate, acryBc-add n-octyl. acrylic-acid DESWRU. Acryfic-acid atearyl. acryftc-add 
Isuryl. acryttc-acid cydohexyt. A methyl methacrytate. ethyl methacrytate. methacrylic-acid n- 
propyl. Methacrylic-acid isopropyl. methaeryiic-acid Cn-. i-, or t-) butyi Methacrylic-acid hexyi 
2-ethylhoxyl methacrylate. methacryBc-acid octyl. Methacrylic-ecid DESHIRU. methacryfic-acid 
Isuryl, stearyl methacrylate. ADtyl eater or cydoalkyl ester of carbon nurrA>era 1-24 of en acrylic 
acid (meta). auch as cydohexyl methacrylate. acryBc-acid (meta) isobomyl and ecryfic-acid 
(meta) edamarthyt Asxyfic-acid methoxy butyl, Methacrylic-acid methoxy butyl acrylic-ecid 
methoxy ethyl, methacryfic-acid methoxy ethyl Acrylic eater (metaX auch as aBwxy alkyl ester 
of the carbon nun^ers 2-18 of acrylic acids (meta), such as ecryfic-acid ethoxy butyl and 
methacryfic-acid ethoxy butyl: Dimethyl fumarate, Fomaric-acid dialkyi ester, such as cfiethyl 
fumarate. fumaric-acid dipropyl. and fi*naric-acid dS>utyl: Ethyl vinyl ether, n-propyl vinyl ether, 
isopropyl vmyl ether, butyl vinyl ether, tert-butyl vinyl ether, pentyl vinyl ether, hexyl vinyl ether. 
ChatfT-Bie elM wyl ether, such as octyl vinyl ether Cydopentyl vinyl ether. Cyckxalkyl vinyl 
ether, such as cydohexyl vinyl ether Phenyl vinyl other. Aryl vinyl ether, such as the TORIBI nP 
ether, benzyl vifvl ether. ArsOcyl vinyl ether, such as phenetfiyl vinyl ether AIM giycidyl ether. 
Ally* confound ether, such as aDyl compound ethyl ether Ethylcr»e. a propylene. An definic 
compoiavd ar*d <fiene con^XHoids, such as a butylene. a vinyl chloride, a butadiene, en isoprene, 
and a chloroprer»e; Alf*»8 methyl styrene. Phenyl (meta) acrylate. phenylethyl (meta) acrylate. 
Phenyi^ropyl (meta) scrylste. benzyl (meta) acrylate. Phenoxy ethyl (meta) acrylate, cydohexyl 
(meU) acrylate. 2-8cryloyloxyethyl hydrogen phthalate. 2-ocryloyloxypropyl hydrogen phthatste. 
2-acryloyloxypropyl hoxaiiydro hydrogen phthalate. 2-acryloyloxypropyl tetrahy*© hydrogen 
phthalate. The esterification otuect of a p-tert-tutyHbenzoio add and acrylic-acid (meta) 
hyt^xyethyl Hyc^ocarbon ring content partial satmtion monomers, such as JISHIKURO 
pentenyl (meta) acrylate: (meta) AcryBc-add 2-isocyanete ethyl m is opropenyl - bocyanate 
ratfical conterrt partial saturation monomerN. such as afc»ha and alpha-tfimethylbenzyl 
tsocyanate. N- di methylaminoethyl (meta) acrybte. Nitrogen-contarning atkyl (meta) acrylate. 
such as N and l+-diethylaminoethyl (meta) acrylate end N-t-butybmino ethyl (meta) acrylate: 
Acrybmide. Methacrybmide. N-methyl (meta) acrylamido. N-ethyt (meta) acrybmide, N and N- 
dimethyl (meta) acrylamide. N. and N-dimethylaminopropyl (meta) ecrytamide. N and N- 
<fimethybmir>oethyl (meta) acrybmide, N-methylol (meta) acrybmide. Polymerization nature 
amides, such as N-n-butoxy methyl (meta) acrybmide; pdymerizatkm nature, such as aromatic 
series nitrogen-contairwig mormmer acrylonrtrile, such as 2-vinylpyridir»e. a l-vtnyl-2- 
pyrroltdone. and 4-vinylpyridine. and a methacrylonitrfle Nitnl: Nitrogen-containing partial 
saturation morwmer trifluoro ethyl (meta) acrylate. such as allybmine and ecryloyi morpholine 
(meta). Alkyl fluoride (meU) acrybte. such as hexafluoro isopropyl (meta) acrybte end heptadeca 
fluoro DESHIRU (meta) acrylate. Giycidyl (meta) acrylate, 2-methyl giycidyl (meta) acrylate. 
Giycidyl group content vinyl system morvomers, such as allyHgtycidyl-ether, 3. and 4- 
epoxycyclohexyi methyl (meta) acrylate: Vinyltrimetoxysibne, Vinyttriethoxysibne, a vinyl 
tripropoxy sibne. gamma-methacryloxpropyi trimethoxy sibne, Alkoxy silyl radical content vinyl 
system monomers, such as gamma-methacrytoxypropyl triethoxysilane and gamma- 
methacrytoxypropyl tripropoxysaane. etc. can be mentior>ed. these are independent respectively, 
or two or more sorts can be mixed and they can be used. 

[002S] In addition, rt is not desirable to use the monomer vAich has a cartwxyl group and a 
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carboxyl group, and the furwtional grouo in which a reaction b possBMe. when using the szo 
system nSeti polymerization irwUalor which has a carboxyt groi4> for intremolecubr among the 
above- men tiorwd mar>omers, and when using the azo system raifical pdymeriEatjon ntiatar 
which has a hydroxyl group in intramobcubr. it b rwt desirable to use the monomer whidi has a 
hy<^xyl group and a hydroxyl group, and the functional group in which a reaction b possible. 
[0026] The above-mentioned monom er is the sum total and. generaSy can be pre f er a bly used by 
the ratio wttlwi the limits of 10-2.000 mob 5-10.000 mob to the one md of the aforementioned 
free racfical compounds. <BR> [0027] accortfing to the approach of ttus invention described 
above, the molecubr weight distrftiutton which have a carboxyl group or a hyckvxyl group at the 
piece end are narrow — the ratio (Mw/kAn) of weight average mole cu br weight (Mw) artd number 
average molecLibr weight (Mn) ts usuaOy smaller than 2 — 1.6 or bss nnono dispersion desvable 
Etyreno system polymer or desirable copolymer can be manufoctured preferably. Moreover, 
aecon&ig to the approach of thb invention, generaDy, number average molecubr weight (Mn) can 
mar«xfachn easily the rwrow styrerw system polymer of the molecubr weight cfistr&utton 
which has a carboxyl grow or a hydroxyl group at S00-1XK>0,(X)0. ar^ the piece ertd that b 
with« the limits of 500-200,000 preferably. 

[0026] Ftgth er more. acconSng to the approach of thb invention, by stopping a reaction in the 
rrad<fle of a polymerization reaction, and refining, where the styrene system polymer whid> has a 
carboxyl group or a hytfroxyl group is divided into a piece end with an unreacted monomer, rt can 
abo obtan. 

[0029] The styrcf»o system polymer which has a carboxyl gmv or a hydroxyl d-om> «t the piece 
end of thb invention can introduce a radical polymerization nature partbl saturation radical into 
the piece ertd of a styrene system pdymer by making these functional groups, the fiaictional 
pDup which can react, and a ra<ficst polymerization nature partbl sstmtion raifical react with 
the compound wfhich it has m coirwidence. 

[0030] In the case of the styrene system polymer wrhich has a carboxyl groip. as this potynter 
er>d wt unsaturated compowid wrhich has the functional group which can react rmfical 
polymerization natm partbl saturation mononrters. such as giycidyl (meta) acrylate. 3, 4- 
epoxycyclohexyl methyl (meta) acrybte. arKl 2-methyl giycidyl (meta) acrylate. can be mentioned 
to a piece otmI for exampb. 8y makng these racficd polymerization nature partbl aatmtion 
ii K Mwmer a react at an efiuimobGubr amount thrxi/or a rate of 5 time mdar quantity to the 
carboxyl poup of the above-merrtiorted styrene system polymer, the styrene system polynMtr 
which has a ratScal polymerization nature partbl satmtion rstScal at the piece end can be 

[0031] moreover, as an unsatirated compouftd which has the functional group which can react 
to a piece end with tfas polymer in the case of the styrene system polymer which has a hydroxyl 
group For exarrple. acid chloride compounds, such as acryBc-acid (meta) chloride: The equimobr 
reactwtt of a (Ksocyanate compound and 2-hydroxyethyt (meta) acrylate. bocyanate ethyl 
(meta) acrybte, bocyanate propyl (meta) acrybte. bocyanate butyl (meta) acrybte. isocyartate 
hexyl (meta) acrylate. m-tsopropenyl - alpha arvl alpha'-<SmethyIbenzyl tsocyanate. The 
compound whidi has both isocyanate radicals, such as nr-ethylenyl-atpha af»d alpha'- 
<£methy1benzyl bocyanate, and a partbl saturation radical; A nh ydr o us rTAKON, Add-anhydride 
system compounds, such as an add msleic anhydride: N-methyld (meta) acrybmide, N-n-butoxy 
(meta) acrybmide. etc. can be mentioned. By making these compounds react at an equimolecular 
amourrt thru/or a rate of 5 time motar quantity to the hydroxyl group of the above-mentioned 
styrene system polymer, the styrene system polymer which has a radcal polymerization ruture 
partbl saturation radical at the piece end can be obtained. The styrene system polymer which 
has a partbl saturation radical at the above-mentioned piece er>d can be used by refining, 
dissociating from an unreacted otyect. 

[0032] The styrene system polymer which has a carboxyt group or a hydroxy! group at the piece 
end of this invention can attain high-performance-izing and advanced features of these polymers 
again, for example by making it react with the polymer which has these functional groups and the 
functional ipwp which can react. Moreover, by earring out racScal copolymerization to other 
partbl saturation monomers, the styrene system pdymer which has a radical polymerizstion 
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nature partial saturatron radical at the piece end obtained by the above-mentioned approach can 
obtan more highly efficierrt polymeric materials, and can make them the polymeric materials 
which have functionality, 

[0033] A block or a graft copolymer can specifically be manufactured using the styrene system 
(♦♦) polymer which has a carboxyl group or hydroxyl at the piece end of this invention, and the 
advar>ced features and high-performance-izing of polymeric materials which were described 
above using these can be realized. 

[0034] For example, the polymer which has a carboxyl group at the piece end of this invention 
(**) can manufacture a block or a graft copolymer by making it react with the epoxy group 
content polymer d>tained by the approach of itself known using the carboxyt group. As an epoxy 
group content polymer vwhich can be used for this reaction The polymer which has an epoxy 
group in both ends in manufacturing a block copolymer. For example, a bisphenol mold epoxy 
resin (for example, Epicoat EP- by the dHzed shell company 1001, 1002. 1004 grades). What 
carried out epoxidation of the both ends of the polyether IBte a polyethylene glycol or a 
polypropylene glycd (For example. Nagase formation shrine OENAKORU EX- 832. EX-920 grade) 
etc, in being able to mention sr>d manufacturing a graft copolymer For example, the resin which 
averaged per one chain of the polymer (*♦) and nrwrketing which can carry out the 
polymerizatton (**) of the epoxy group content partial satvation mortomer by the vmyl . 
polymerization method of iUelf kr>own I3^e a radical pdymerization method or an ionic 
polymerization method, and can obtain it. arKi introduced three or more epoxy groups. For 
exampb. ¥»hat gtyddyl-ether-ized cresd rtovotak resin can be mentioned. 

[0035] Moreover, for exampb, the pdymer which has hydroxyl at the d«ce end of this invention 
(**) can manufacture a bkxJt or a graft copolymer using the hyd-oxyl by making it react with the 
isocyanate ratfical content pdymer obtained by the approach of iUelf krwwn. As an isocyanate 
ra<fical content polymer which can be used in that case The pdymer which has an bocyanate 
ratfical in both er»ds in marufacturing a bbck copolymer, for example, in being able to mention 
the urethane resin obtained by addition pdymerization with the alcohol of a diisocyanate 
compowd. (fivalent or many *♦ and manufacturing a graft copolymer The polymer (**) which can 
carry out the polymerization (♦*) of the isocyanate radical content partbl saturation monomer by 
the virryt polymerization method of iUelf known IS^e a radical polymerization method or an ionic 
polymerization method, and can obtain it can be mentiorwd. 

[0036] Furthermore, a graft copolymer can abo be obtained by being independent or carryirtg out 
the radical (••) potynrterization of the styrene system polymer which has a partial saturation 
ratfical at the piece end of tlws invention witfi other partbl saturation mor>omers using a radical 
polymerization initbtor. 

[(X)37] The styrene system pdymer which has the styrene system poiymer or radical 
polymerization nature partbl saturation radfcal which has a carboxyl group or a hydroxyl group at 
the piece ef>d obtained by the approach of thb invention can be used in TieMs. such as a mdding 
ingretfient. a film, a resist, and a coating, remaining as it is or after performing above high- 
performance-izing and advar>ced features. 
[0038] 

[Effect of the invention] It is difficult to introduce these functional groups into the end of a 
polymer at 90* or more of rate of installation depending on the conventional approach for 
manufacturing the polymer which has a carboxyl group or a hydroxyl group at the piece end. er>d 
a fijr»ctional group may be introduced into both ends depending on the case. Consetwently. when 
the component into which a fixicUonal group was rrot intro(fc>ced causes the performance 
degradation of a polymer or the polymer with which the functiorwt group was introduced into 
both ends exists, un-arranpng. such as thickening and gelation, may arise at the time of use. On 
the other hand, accorcfing to the approach of this invention, urt-arran^g [ which was described 
above since neither a thing without these functional groups nor the thing which has a furtctional 
group wy both ends had been included substantbDy ] does not produce the styrene system 
pdymer which can manufacture the styrerte system polymer which has a carboxyl group or a 
hydoxyl group at the pbce erwi. and b obtained at the rate of tnstalbtion of about 100% of 
fwrtctional VOtp. 
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[0039] Moreover, since the block copolymer which has a carboxyl p-oup or a hydroxyl group at 
the piece end, or the block copolymer which has a radical polymerization nature partial 
saturation radical at the piece end is obtained easily according to the approach of this invention, 
it is also possible to give the engine performance which could not be accomplished with the 
conventional technique to a polymer ingredient. 
[0040] 

[Example] Hereafter, an example expbins this invention still more concretely. In addition, the 
"weight section' and *% of the weight* are shown the 'section* and*%" below, respectively. 
Moreover, all the raw materials used in the examde and the examde of a comparison used the 
commercial item as it was. 

[0041] Example 1TEMPO The 4.7 sections V-50t (notes 1) 5.6 section styrene The 624.0 
sections (notes 1) V-501:4, 4*-BZobis (4-cyano valeric acid). Wako Pure Chem Industrial product, 
carboxyl group content azo system radical polymerization initiator. 

[0042] sirrce — it agitated at 95 degrees C for 4 hours, blowing nitrogen gas into the becoming 
mixed liquor. Subsequently, it agitated at 125 degrees C for 40 hours. The number average 
mobcular weight (Mn) according [ the acid number of the resin solid content after 90S and 
precipitate purification (what the pitch was settled to the methanol and carried out reduced 
pressure drying of the precipitate at 100 degrees C for 8 hows) ] to 2.7 mgKOH/g and CPC (gel 
permeation chromatography) in the conversion (the nonvobtile matter after taking 1g of resin 
liquid arwl benzoquirwne 0.01 g to a tin plate pan and carrying out reduced pressure dbytng at 80 
de^ees C for 3 hours comparativety) of the obtained resin Bqutd was 20.800, and mdecubr 
weight tSstrOMrtion (Mw/Mn) were 1.10. 

[0043] When it b assumed that one carboxyl p-oup was introduced into the dece ef>d of the 
generated polymer, the mobcular wet^ b cabubted with 20.800 from the acid number of 
pdymer BtAd content (refer to the foUowtng formub). Since thb calcubted value and Mn value 
by GPC were almost equal it was checked that the polymer which has carboxyl at the pwce end 
had been obtained. 

[0044] (Formub) the mdecubr-weight =56,100/ acid manber — the resin Bquid of the occasion 
above was heated at 1(X) degrees C. ar>d the giycidyl methacrylate 7,1 section, the 
tetrabutybmmonium bromide 3 section, and the tduene 247 section were mixed It agitated at 
100 degrees C for 8 hours, blowing atr into liquid. The acid number of the resin soUd content 
obtaned after precipitate purification was 0 mgKOH/g. The integrated-tntenstty ratio of the 
aromatic series proton contairwd in the proton and polymer of a partb) satmtion ratfical of the 
giycidyl methacrybte ori^ by Proton NMR was 1/980. Moreover, the rmmber average mdecubr 
weight (Mn) by GPC of this resin was 20,900. arKl mdecubr weight (fistrftxAion (Mw/Mn) were 
1.10. 

[0045] When it b assumed that one partbl saturation radical was introduced into the pbce end 
of the gerwated pdymer. the mdecubr weight of a polymer is cabubted with 20.400 (refer to 
the fdh>wing formub). Since this calcubted value and Mn value by GPC were almost equal, it 
was checked that the polymer which has a partbl saturation radical at the piece end had been 
obtained 

[0046] (Formula) Molecubr-weight = aromatic scries proton integrated-intensity /5x104 (five 
express the number of the aromatic series proton of styrene amor\g an equation, and 104 
expresses the molecubr weight of styrene.) 

Exanple 2TEMPO The 4.7 sections V-501 5,6 sectkn styrene 312.0 section n-butyl acrybte It 
agitated at 95 degrees C f or 4 hours, blowing nitrogen gas into the mixed Bquor which consists of 
the 384.0 sections. Subsequently, it agitated at 125 degrees C for 25 hours. The styrene of the 
number average molecubr weight (Mn) 50S and n-butyl acrybte are 40V and according ( the 
acid number of the resin solid content after precipitate purification (what the pitch was settbd 
to the methand and carrbd out reduced pressure drying of the precipitate at 100 degrees C for 
8 hours) ] to 4.1 mgKOH/g end GPC (gel permeation chromatography) was 1 3,300, and the 
mobcular weight (fistr^MAion (Mw/Mn) of the conversion Ct asked by Proton NMR) of the 
obtairwd restn Bquid were 1.19. 

[0047] Vfiwn ft b assumed that one corboxyBc acid was introduced into the piece end of the 
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cenersted polym er , tbo mol«cui«r weicht is calcubted with 13,700 from the scid number of 
polymer toCd content (refer to the foDowinf formula}. Since this cslculstBd v»lue and Mn vakie 
by GPC were atmost eqtisl. it was checked that the polymer wMch has cartwxyl at the piece end 
had been obtatrted. 

[0048] {Formula) the molecular-weifht =56,100/ acid nwnber — the reiin Equid of the occasion 
above was heated at 100 depees C, and the ^ycidyl methacrytsta 7.1 section, the 
tetrsbutyiammorwm bromide 3.S section, end the toluene 277.4 section were mixed, tt asitated 
at too degreea C for 8 hours, blowtn( sir into Bquid. The scid number of the resin solid content 
obtarted after precipitate purtftcation was 0 mg KOH/g. The integrsted-intensity ratio of the 
aromatic series proton contained in the proton and polymer of a partial saturation racfical of the 
gly^dyl methscrylste origin by Proton NMR and the methyl proton of rr4)uty1 was I /330/1 59. 
Moreover, the number average molecular weight (Mn) by GPC of thb resin was 14.100. and 
molecular weight (SstrftMJtion (Mw/Mn) were 1.18. 

[0049} When it is assumed that one partial saturation radical was introduced into the piece end 
of the generated polymer, the molecular weight of a polymer is calculated with 1 3.600 (refer to 
the following formula). Since this calculated value and Mn value by GPC were almost equal it 
was checked that the polymer wtuch has a partial satLration radical at the piece end had been 
obtained. 
[0050] (Formula) 

Molecutar-weight =(aromatic series proton tntegrated-intensity /5x104H (■ntegrated- 
intensity /3x128 of a methyl protorO 

(Among a formula, in the number of the aromatic series proton of styrene. end 104. the molecular 
weight of styrene and 3 express the number of a methyl proton, and 128 expresses [ five ] the 
mokKMlar weight of n-butyl acrylate) 

Exarr^le 3TEMPO The 4.7 sections V-501 5.6 section styrene tt agitated at 95 degrees C for 4 
hours, blowing nitrogen gas into the mixed Kquor which consists of the 312.0 sections. 
Subsequently, it agttsted at 1 25 degrees C for 10 hours. The number sverage molecular weight 
(Mn) according ( the conversion (the nonvolatiie matter after taking Ig of resin liquid artd 
benzoqianone O.OIg to a tin plate pan and carrying out reduced pressire trying st 60 de^ees C 
for 3 hours comparatively) of the obtained resin Bquid ] to GPC (gel permeation chromatography) 
of the resin solid content sfler 33% and precipitate purification (what the pitch was settled to the 
methanol and earned out reduced pressure drying of the precipitate at 100 depees C for 8 
hours) was 3,700, and molecular weight distramtion (Mw/Mn) were 1.05. 

[0051] Then, the 2-hydroxyothyl acrylate 1 16 section was added in the above-mentioned resin 
solution. arKi it agitated st 125 degrees C for 20 hours. The number average molecular weight 
(Mn) accordmg [ accord / styrene / in tfte acid nunber of the resin solid content after 70% and 
precipitate purification (what the pitch was settled to the nwthanol and carried out reduced 
pressure drying of the prectpitste at 100 degrees C for 8 hours) / 75% / 2-hydroxyethyl 
acrylate ] to 5.0 mgKOH/g and GPC (gel permeation chromatography) in the conversion (it asked 
by Proton NMR) of the obtained resin liquid was 1 1.500, and molecular weight distrft>ution 
(Mw/Mn) were 1.22. 

[0052] When ft is assumed that one carboxylic acid was introduced into the piece end of the 
generated polymer, the molecular weight is calculated with 1 1.200 from the acid number of 
polymer solid content (refer to the following formula). Since this calculated value and Mn value 
by GPC were almost equal, it was checked that the block copolymer which has carboxyl at the 
piece end had been obtained. 

[0053] (Formula) the motecular-weight =56.100/ acid number — the resin liquid of the occasion 
above was heated at 100 degrees C. and the glycidyl methacrylate 7.1 section, the 
totrabutylammonium bromide 2.1 section, and the toKjene 153,9 section were mixed. It agitated 
at 100 degrees C f or 8 hours, blowing air into liquid. The acid number of the resin solid content 
obtakied after precipitate purification was 0 mgKOH/g. The integrated-intensity ratio of the 
aromatic series proton contained in the proton and polymer of a partial saturation radical of the 
glycidyl methacrylatB origin by Proton NMR and the ethylene proton of a hydroxy ethyl radical 
was 1/4(K)/100. Moreover, the number average molecular weight (Mn) by GPC of this resin was 
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74.1 sectkxis (notes 2) VF-077:2 and 2'-azobis [2-(hydroxymothyl) propione Nitril] Wako Pure 
Chem Industrial product, hydro xyKgroup content mo system radical polymerization initistor. 
[0061] since — it agitated at 95 degrees C for 4 hours, blowing nitrogen gas into the becoming 
mixed liquor. Carrying out a temperature up, the methanol was distilled off end it agitated at 125 
degrees C for 20 hours. Conversion of the obtained resin liquid (Ig of resin liquid and 
benzoqxiinone O.OIg are taken to a tin plate pan) The nonvolatile matter after carrying out 
reduced pressure drying at 80 degrees C for 3 hours is the resin solid content after GSS and 
precipitate purification (a pitch is settled to a methanol) comparatively. The hydroxyl value (it 
measures by JIS Kl 557-70) of what carried out reduced pressure drying of the precipitate at 
100 degrees C for 8 hours 8.1 mgKOH/g. The number average molecular weight (Mn) by GPC 
(gel permeation chromatography) was 6.900. and molecular weight distribution (Mw/Mn) were 
1.10. 

[0062] When it is assumed that one hydroxyl group was introduced into the piece end of the 
generated polymer, the molecular weight is calculated with 6.900 from the hydroxyl value of 
polymer solid content (refer to the following formula). Since this calculated value and Mn value 
by GPC were almost equal, it was checked that the polymer which has a hydroxyl group at the 
piece er>d had been obtained. 
[0063] 

(Formula) a molecular weight -56.100/ hydroxyl vokie — the resin Ut^id of the occasion above 
was heated at 100 degrees C, and the 2-isocyanato ethyl methacrylate 7.8 section, the dibutyltin 
<£laurate 0.03 section, and the toluerw 1 17.3 section were mixed, tt agitated at 90 degrees C for 
8 hours, btovring air into liquid. The hydroxyl vakie of the resin solid content obtained after 
preciprtste purification was 0 mgKOH/g. Moreover, the integrated-intensity ratio of the aromatic 
series proton contained in one proton and polymer of a partial saturation radical of 2-isocyanate 
ethyl methacrylate origin by Proton NMR was 1/332. Moreover, the number average moleculsr 
weight (Mn) by GPC of this resin was 7.000, and molecular weight distrftution (Mw/Mn) were 
1.13. 

[0064] When it is assumed that one partial saturation radical was introduced into the piece end 
of the generated polymer, the molecular weight of a polymer is calculated with 6.900 (refer to the 
following formula). Since thb calculated value and Mn vskje by GPC were almost e^ial. it was 
checked that the polymer which has a partial saturatksn radical at the piece end had been 
obtained. 

[0065] (Formula) Motecular-weight = aromatic series proton integrated-intensity /5x104 (five 
express the number of the aromatic series proton of styrene among an equation, and 104 
expresses the molecular weight of st^ene.) 

Example of comparison 1 azobtsisobutyronitril 2.0 section styrene 100.0 section 3- 
mercaptopropionic acid It was ck-opped in 3 hours, blowing nitrogen gas into the tokiene 105.5 
section which heated the mixed sokition of the 3.5 sections at 90 degrees C. Churning was 
continued at 90 more degrees C after dropping terminatjon ftx 2 hours. The number average 
molecular weight (Mn) accor<fing ( the acid number of the resin solid content after 50% and 
precipitBte purification (what the pitch was settled to the methanol and can-ted out reduced 
pressure drying of the precipitate at 100 degrees C for 8 hours) ] to 17.5 mgKOH/g and GPC 
(gel permeatran chromatop-aphy) in the conversion (the nonvolatile matter after taking 1 g of 
resin liquid and benzoquinone O.OIg to a tin plate pan and canning out reduced pressure drying 
st 80 degrees C f or 3 hours comparatively) of the obtained resin liquid was 4.5(X). and molecular 
weight (£str4HJtion (Mw/Mn) were 2.1. 

[0066] When it is assumed that one carboxyl group was introduced into the piece end of the 
generated polymer, the molecular wei^ ts calculated with 3.200 from the acid number of 
polymer solid content (refer to the following formula). Since this calculated vakje differed from 
Mn value by GPC greatly, tt was suggested that the polymer which does not have carboxyl is 
contained in an end. 

[0067] (Formub) Molecular weight = 56,100/ acid-number example 6 (example of manufacture of 
a block copolyme r ) 

TEMPO The 4.7 sections V-501 5,6 section styrene 124B section methanol h agitated at 70 



1 1,600. and moleoiar weight tfistribution (Mw/Mn) were 1^3. 

[(X)54] When it is assumed that one partial satLration radical was introduced into the piece end 
of the generated polymer, the molecular weight of a polymer b calculsted with 1 1.200 (refer to 
the following formula). Since thb calcL^ted value and Mn value by GPC were almost equal, it 
was chedied that the polymer which has a partial saturation radical at the piece end had been 
obtarted. 
[005S3 (Fommla) 

Molecu la r-w ei ght =<aromst*c series proton integrated- in t ens ity /5xl04>* (integrsted- 
intensity /4xn6 of an ethylene proton) 

(Among a formula, in the number of the aromatic series proton of styrene. and 104. the motecutar 
weight of styrene and 4 express the number of an ethylene proton, and 1 16 expresses [ ffve ] 
the molecUsr weight of 2-hy dr o3tyethyl acrylate} 

Example 4TEMPO The 4.7 sections V-501 S.6 section styrene tt agitated at 95 degrees C for 4 
hours, Mowing nitrogen gas into the mned Bguor which consists of the 312.0 sections. 
Subsequently, it a^tsted at 125 degrees C for 10 hours. Conversion of the obtained resin 6quid 
(the number average molecular weight (Mn) according [ the r«te of the nonvolatile matter after 
taking Ig of resin Gquid end benzoqMrMne QlOlg to a tin plate pan and carrying out reduced 
pressure dryrtg at 80 degrees C for 3 hours ] to GPC (gel pennoation ehromatoeraphy) of the 
resin so6d content after 33% and precipitate pvification (what the pitch was settled to the 
methanol and earned out reduced pressure dT>ng of the precipitate at 100 degrees C for 8 
hours) was 3.7tX). and molecular weight dtstr&ution (Mw/Mn) wera 1 .05 J 
[0056] Then, the N- vinyl py r roUdone 1 1 1 section was added in the above-mentioned resin 
sokAion. end it a^tated at 125 degrees C for 25 hours. The number average molecular weight 
(Mn) aceord>r\g [ conversion / Gt asked by Proton NMR) / of the obtav>ed resin Bquid / styrerte / 
the acid number of the resin sofid content after 72% and preci|Mtste purification (what the pitch 
was settled to the methanol and carried out time snrKMnt reduced pressure drying of the 
precipitate at 100 degrees C) ] to 4.6 mgKOH/g and GPC (gel permeation chromatography) in 
73% and N-^innyl pyrrofidone was 12.300. and molecular weight distrOMAion (Mw/Mn) were 1 .25. 
[0057] When it b assumed that one carboxyfic acid was tntroduoed into the piece end of the 
generated pdymer. the molecular weight b calculated with 12.200 from the acid number of 
polymer solid content (refer to the fbOowrtg formula). Since thb calcubted value and Mn value 
by CPC were abnost equal, it was checked that the block copolymer which has carboxyl at the 
piece end had been obtained 

[0058] (Fomiula) the molecular~-wetght ^56,100/ acid rember — the resin liquid of the occasion 
above waa heated at 100 degrees C. end the glycidyl methacrylate 7.1 section, tho 
tetrabutytammonium brom i de 2.1 aection, and the toluene 161.8 section were mixed. It agitated 
at 100 degrees C f or 8 Ikkts. blowing air into Bquid. The acid number of the resn soKd content 
obtained after precipitate purification was 0 mgKOH/g. The integrated-intensity ratio of the 
aromatic series proton contained in the proton and polymer of a partbl saturation ra<£cai of the 
^cidyl methacrybte ori^ by Proton NMR and the propylene proton of N-vinyl pyrroiidone was 
1/440/174. Moreover, the number average molecular weight (Mn) by GPC of this resin was 
12,300. and molecular weight distribution (Mw/Mn) were 1.24. 

[0059] When it is assumed that one partbl saturation radical was introduced into the piece end 
of the generated polymer, the molecular weight of a polymer is calculated with 12.400 (refer to 
the following formula). Since this calculated value and Mn vakte by GPC were almost equal, it 
was checked that the polymer which has a partbl saturation radical at the piece end had been 
Stained. 
[0060] (Formub) 

Molecular weight =(aromatjc series proton integrsted-intensity /5xl04>*- (tntegrated- 
intensity /6x 111 of a propylene protorO 

(Among a formub. in the number of the aromatic series proton of styrene. and 104, the molecular 
weight of styrene and 6 express the number of a propylerte proton, and 1 1 1 expresses [ frve ] 
the mobcubr weight of N-vinyl pyrroTidone) 

Example 5TEMPO 4.7 section VF-007 (notes 2) 35 section styrene 312.0 section methanol The 
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dep'ees C for 6 hours, blowing nitrogen gas into the mixed liquor which consists of the 30.0 
sections. Subsequently, the methanol was removed carrying out a temperature up and K agitated 
at 125 degrees C for 20 hours. The number average molecular weight (Mn) according [ the scid 
number of the resin solid content after 80% and precipitate purification (what the pitch was 
settled to the methanol and carried out reduced pressure drying of the precipitate at tOO 
degrees C for 8 hours) ] to 15.1 mgKOH/g and GPC (gel permeation chromatography) in the 
conversion (the nonvolatile matter after taking Ig of resin liquid and beruoquirKMie O.OIg to a tin 
plate pan and carrying out reduced pressure drying at 80 degrees C for 3 hours comparatively) 
of the c^tained resin liquid was 3.700, and molecular weight distribution (Mw/Mn) were 1.10. 
[0068] When it is assumed that one carboxyl group was introduced into the piece end of the 
generated polymer, the moleculsr weight is calcubted with 3.700 from the acid number of 
polymer solid content (refer to the following formula). Since this calculated value and Mn value 
by GPC were almost equal, it was checked that the polymer which has carboxyl at the piece end 
had been obtained. 

[0069] (Formula) Molecular weight = .the 24 JZ sections (0.027 mots of epoxy groups are 
contained), the tetraethytammonium bromide 0.12 section, and the toluene 53.1 section were 
mixed, and the polystyrene 100 section (0.027 mob of csrboxyl p'oups are contained) which has 
a carboxyl group at the piece end of the 56.100/ acid-number above which carried out 
precipitate purification, er>d epoxy resin EP-1004 (weight per epoxy equivalent: 900) by the oih- 
ized shell shrine which has sn epoxy group in the both ends of resin were a^tated at 1 05 
degrees C for 8 hours. 0, 70% of solid content, and the vbcosity of the acid number artd epoxy 
value of resin liquid which were obtained were Y in the Gardner vbcometer. The peak of GPC of 
the generated polymer b the configirstion which the peak originating in EP-1004 of a raw 
material shifted to the amount side of ^ant molecules, and the peak originating in the copolymer 
which has a cartMxyl group at EP1004 and the piece end of a raw material was not accepted 
[0070] Example 7 (example of manufacture of a graft copolymer) 

(jlycidyl methacrybte 7.1 section methyl methacrybte 92.9 section azotMsisobutyronttril It was 
dropped in 3 hmrs. blowing nitrogen gas into the tduene 65.0 section which heated the mixed 
sokjtion of the 5.0 sections at 1 10 degrees C. Churning was continued at 1 10 more de^es C 
after dropping termination for 2 hours. The conversion Ot asked by Proton NMR) of the obtained 
resin liquid was 99%. 

[0071] In this resin liquid (0.05 mob of epoxy groups are contained), the polystyrene 165.8 
section (0.05 mob of csrboxyl grou^ are contairwd). the toluene 59.3 section, and the 
tetraethytammonium bromide 0.29 section which have a carboxyl group at the piece end obtained 
in tfie example 6 were mixed, and it agitated at 1 10 degrees C in it for 8 hours. The acid number 
and epoxy vakie of resin liquid which were obtained were 0. solid content was 70% and vbcosity 
was X in the Gardner viscometer. 
[0072] 

Exampb 8 (example of marwrfacture of a block copolymer) 

Methyl ethyl ketone The 84.0 sections Neopentyl glycol The 105.0 sections Trimethyl 
hexamethylene (fi-isocysnate The 231.0 sections Djibouti rutin burate The mixUa-e which 
consists of the 0.03 sections wss aptated st 80 dep-ees C for 10 hours, and the polyurethane 
which has an isocyanste raiScsl in both ends was obtained. 

[0073] In this resin liquid, the polystyrene 1 ,385 section (0.2 mob of hydroxyl groi4>s are 
contained) and the methyi-ethyl-ketone 348 sectkm which have a hydroxyl group were added to 
the piece end obtained in the example 5. and it agitated at 80 nxre degrees C f or 6 hours, 
bocyarvate ** and the hydroxyl value of the obtained resin liquid were 0. solid conterrt was 80% 
and viscosity was Z in the Cartincr viscometer. 
[0074] 

Example 9 (example of manufacture of a graft ctwolymer) 

2-isocyanate ethyl methacrybte The 7.75 sections Methyl methacrybte The 92.25 sections 
Azobisisobutyronitrfl It wss dropped in 3 hours, blowing nitrogen gas into the toluene 65.0 section 
which heated the mixed solution of the 5.0 sections at 1 10 degrees C. Owning was continued at 
1 1 0 nwe degrees C after <^apping termmation for 2 hours. The conv e r s ion Ot a^ed by Proton 
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NMR) of tho obtained resin Equid wa» 99%. 

[007S] h\ tWa re«in liquid (0.05 mob of i«ocy«nate rstScsb aro contained), the potystyrene 346.3 
uction (0.05 moU of hydroxy* croups are contained), the toJucnc 1 28.4 section, and the Djibouti 
nrtin taurste 0.05 section which have a hydroxyl croup at the piece end obtained in the example 
S were mixed, and it a«itated at 60 decrees C in it for 6 hour*. Isocyanate ^ and the hydroxyl 
vahn of resin liquid which were obtained were 0, solid content was 70% and viscosity was Zl in 
the Cartkfer viscometer. 

[0076] The nsin fiquid 170 section (0.05 mols of epoxy croups ere contained) of the copolymer 
obtaned in the example of comparison 2 example 7. the polystyrene 1 60.2 section (0.05 mots of 
csrboxy4 ^wp* are contained) which has the carboxyl croup obtained in the example 1 of a 
comparison, the toluene 46.4 section, and the tetraethylammonium bromide 0.27 section were 
rraxed. and tt aptated at 1 10 decrees C for B Hours. The acid number and epoxy vahM of resin 
Bquid which were obtained were 0. and 70% and viscosity of the nonvolatile matter were very as 
l«ch as Z6 at the Gardner viscometer. 



CTranstation donej 
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